reviewed the patient, performed physical examination and analyze the investigation results so far done. On physical examination I got all the features of rediculopathy. Therefore, on the basis of history, clinical and physical findings as well as investigation results, my initial impression was cervical spondylosis with lumbar spondylosis. I recommended for MRI cervical spine and echocardiography. After one week, patient was again sent to me with MRI and echocardiography report. MRI of the cervical spine showed degenerative disc and spine disease, central and paracentral disc protrusion causing thecal indentation, lateral recess, foraminal narrowing and bilateral traversing C5 and C6 nerve roots compressing at C4 -5 and C5 -6 levels. Echocardiography was normal. With this diagnosis I briefed the patient and her family members and decided to operate the patient by discectomy C4 -5, corpectomy C6, reconstruction with cage/bone graft and anterior plate fixation. For preoperative assessment and fitness for anesthesia I referred the case to the anesthesiologist.
Dr. Abdullah Al Maruf (Anesthesiologist):
This patient was sent to me on 16 th September 2017 at 1300 hours for pre-operative check-up. I reviewed the case and gone through all investigations. Results of all investigations were within the reference range. However, during talking with the patient I came to know that she underwent total abdominal hysterectomy few years back when the operating gynecologist told her that her blood is bluish (as per patient's language). Then I did the physical examination more meticulously and took detailed family history. I found that both central and peripheral cyanosis is present on general examination but there was no dyspnoea or palpitation or respiratory distress as well as examination of cardiovascular and respiratory system also did not reveal any abnormalities. The patient also told that her daughter and other children have the same problem. As her daughter was present at that time, so I also examined her and found cyanosis in the tongue, lips and hands. She also had no respiratory embarrassment. Figure 1 shows the cyanotic hands of the patient and her daughter. Getting such findings I advised to do arterial blood gas (ABG) analysis and pulse oxymetry. Though ABG result was within normal limit but pulse oxymetry showed 55% O2 saturation. On the basis of such finding I thought that it might be a case of hemoglobinopathy. Therefore, I postponed the operation and referred the case to medical specialist.
Dr. Mohammad Sarwar Khan (Medical Specialist):
I attended the patient on 16 th September at 2200 hours. I took detailed history and performed the physical examination. I found cyanosis (central and peripheral) on general examination and no abnormality was detected on systemic examination. Then I critically reviewed the case sheet and concluded my impression as a case of inherited hemoglobin disorder as the patient did not have any respiratory distress though cyanosis was present. Also I found cyanosis in her daughter. Therefore, I recommended to do complete blood count with blood film examination and hemoglobin electrophoresis as well as gave advice to consult with a hematologist.
Differential Diagnosis
Dr. Mohammad Mizanur Rahman (Hematologist): I received the patient at the Department of Hematology, Armed Forces Institute of Pathology, Dhaka cantonment, Bangladesh on 17 th September, 2018 at 0900 hours. The patient was accompanied by her daughter. I took all relevant history and examined the patient systemically. On general examination, cyanosis was found in the tongue, lips and hands, anemia was absent, pulse 120/min, blood pressure 120/65 mm Hg. All other parameters were within normal limits. Systemic examination revealed no abnormalities. I also reviewed the all investigations so far done and keeping in mind of the above diagnosis, I advised to do complete blood count with blood film examination, reticulocyte count, hemoglobin electrophoresis, blood urea, creatinine and BUN, serum LDH and electrolytes, G-6-PD assay and rapid screening filter paper test of the patient and her daughter and made the following differential diagnosis for cyanosis with the original diagnosis she presented.
Methemoglobinemia
Methemoglobinemia is defined as a condition in which there is an increased blood level of methemoglobin. Methemoglobin is a derivative of normal hemoglobin in which iron of the heme complex has been oxidized from the ferrous to the ferric form. It does not combine with oxygen and does not take part in oxygen transport. 1 In normal red cells, methemoglobin is continually being formed by the auto-oxidation of hemoglobin but it is reduced as soon as it is formed; thus the concentration of methemoglobin in the red cell under normal conditions is less than one percent of the total hemoglobin. The reduction of methemoglobin is accomplished by the enzyme NADH-methemoglobin reductase in the presence of NADH. Methemoglobin lacks the capacity to carry oxygen and as a result methemoglobinemia causes symptoms and signs of hypoxia. 2 Infants under 6 months of age are most commonly affected, although the common age range is 0-4 months. Infants in this age group are at more risk of developing the signs and symptoms of methemoglobinemia because they have not mutated 4 The link between blue baby syndrome in infants and high nitrate levels is well established for water exceeding the normal levels of 10 mg/dL. 5 Breast feeding may maintain a protective level in exposed infants. 6 Methemoglobinemia is of two types: Toxic methemoglobinemia and hereditary methemoglobinemia. 7 Toxic methemoglobinemia may be due to drugs, occupational agents and household beaches. Drugs which may be responsible for methemoglobinemia are phenacetin, acetanilide, sulphonamides, sulphones, dapsone 8 , prilocane 9 , primaquine and pamaquine, nitrites, nitrates and potassium chlorate. In red cells, the protective enzyme system normally present in apparently healthy individuals quickly reduce the methemoglobin back to hemoglobin and thereby maintain methemoglobin levels at less than one percent of total hemoglobin concentration. However, exposure to such oxidizing drugs and their metabolites may increase the concentration of methemoglobin up to a thousand fold, exhausting the protective enzyme system of red cells and lead to high methemoglobin level in blood. 10 Predominantly responsible methemoglobin reduction enzyme, NADH -cytochrome b5 reductase are present in low concentration in infants less than six months of age. Therefore, infants in this age group are more prone to develop methemoglobinemia when exposed to nitrates present in drinking water. 11 Baby teething gel or sore throat lozenges containing benzocaine applied to the gums or throat of infants are also at risk of developing methemoglobinemia. 12 In industry, workers may develop methemoglobinemia when exposed to commonly used industrial agents such as nitrobenzene, trinitrobenzine and aniline which usually absorb through the respiratory tract or skin. 13 Household chemicals such as furniture and shoe polish containing nitrobenzene, marking ink, shoe dyes, colored crayons containing aniline, perfumes and flavoring essence are also capable of producing methemoglobinemia. 14 Hereditary methemoglobinemia occurs due to deficiency of NADH cytochrome b5 reductase in the red cells causing increased blood level of methemoglobin reducing oxygen-carrying capacity of blood. The patients with methemoglobin develop brown chocolate color arterial blood instead of normal bright red oxygen carrying arterial blood. Hereditary methemoglobinemia is an autosomal recessive disorder, therefore if only one parent carry this gene, the offspring will have normal colored skin but if both parents carry this gene, then 25% offspring have the probability of having signs and symptoms of hereditary methemoglobinemia. Methemoglobinemia may also arise due to deficiency of the enzyme pyruvate kinase, the cofactor for NADH cytochrome b5 reductase and glucose -6-phosphate dehydrogenase deficiency due to impaired production of NADPH. A number of variant hemoglobins may cause hereditary methemoglobinemia. Notable among these are hemoglobin M and hemoglobin H. 15 Methemoglobinemia either acquired or hereditary can be treated by supplemental oxygen and methylene blue. 16 
Cyanotic heart disease
Cyanotic heart disease is a group of congenital heart disease that occurs due to deoxygenated blood bypassing the lungs and entering the systemic circulation or mixer of oxygenated and deoxygenated blood entering the systemic circulation. 20 Of the "five "Ts" of congenital heart disease - 21 In Bangladesh, congenital heart disease accounts for 25/1000 live births. 22 Patients with cyanotic congenital heart disease usually presents with cyanosis -bluish discoloration of face, lips, hands and toes, clubbing, tachycardia, trachypnea, history of inadequate feeding, unusually large toes and finger nails. 23 Besides these clinical features, children with congenital cyanotic heart disease may present with growth retardation. In a study, it was observed that 23% children had moderate under weight and 77% had severe growth retardation. Growth retardation was more marked in cyanotic heart disease (100%) than acyanotic heart disease (93%). 24 Early detection of critical congenital heart disease allow the concerned physicians for timely appropriate management. Delayed or missed diagnosis may lead to acute cardiovascular collapse, acidosis and death. Bangladesh is well ahead in the managements of congenital heart defects with limited resources. Routine screening for CHD depends on mid-trimester anomaly scan. Fetal ultrasound is routinely performed and may detect fewer than 50% of cases of critical congenital heart disease. Echocardiography is an obligatory diagnostic tool but the cost is a severe limitation as a universal screening tool. However, it may give false positive result. 25 Before more than a decade, pulse oxymetry was used for detection of critical congenital heart disease with the principle that some degree of clinically undetectable hypoxemia is present in most forms of critical congenital heart disease. Children with arterial oxygen saturation of 80-90% may not have visible cyanosis and such cyanosis is particularly problematic in dark skinned baby. Pulse oxymetry is considered a vital sign equivalent in importance to pulse, respirations and blood pressure. Pulse oxymetry contributes significant role in the detection of CHD in neonates. 26 In this patient, presence of cyanosis is in favor of the diagnosis of cyanotic heart disease but age of the patient, absence of signs and symptoms of cyanotic heart disease are the points against the diagnosis of cyanotic heart disease. 33 In developing countries, the death toll from COPD is more than 90% and it is expected that it will further increase because of higher smoking rates in developing world and an increasing number of aging population in many countries. 34 Factors responsible for the development of COPD: tobacco smoking, air pollution and genetics. 35 Poorly vented heating and cooking fires are the main factors in developing countries for air pollution. 29 Long-term exposure to these irritants causes an inflammatory response in the lungs, resulting in narrowing of the small airways and breakdown of lung tissue. 36 Most patients with COPD presents with shortness of breath, prolonged cough and sputum production. The shortness of breath is getting worse on exertion on a prolonged duration and worsens over time. 37 An acute exacerbation of COPD is accompanied by increased shortness of breath, increased sputum production, change in color of sputum from clear to green or yellow. Patients with exacerbation of COPD may present with increased work of breathing such as tachypnea, tachycardia, active use of neck muscles and cyanosis. 38 Diagnosis of COPD should be suspected in any individual over the age of 40 presented with shortness of breath, chronic cough, frequent sputum production and history of the presence of risk factors. 39 Diagnostic testing includes a long list of investigations. Among these are pulse oximetry to assess the degree of hypoxemia, X-chest, ECG, basic blood tests, arterial blood gas measurement, cardiac biomarkers, D-dimer, lower extremity ultrasound and CT angiography. Spirometry is then used to confirm the diagnosis. 40 No cure for COPD is known but symptoms can be treatable and its progression can be delayed. 41 The major goals of treatment are to reduce risk factors, manage stable COPD, prevent and treat acute exacerbation and manage associated illness. 36 Cessation of smoking and providing supplemental oxygen are the important measures to reduce the mortality. 42 Risk of death reduces by 20% by stopping the smoking. Other measures such as influenza vaccination once in a year, pneumococcal vaccination once every five years and reduction of exposure to environmental pollution reduce the risk of acute exacerbation and death. 35 Use of morphine may reduce the feelings of shortness of breath in advanced cases of COPD. 43 Age of the patient and presence of cyanosis is in favor of the diagnosis of COPD but absence of breathlessness, chronic cough and sputum production as well as family history of the presence of cyanosis and absence of smoking disfavors the diagnosis of COPD.
Chronic obstructive pulmonary disease

Raynaud syndrome
Raynaud syndrome, also known as Raynaud phenomenon is a condition in which spasms of arteries cause episodes of reduced blood flow.
Usually fingers and less commonly toes are affected. The nose, ears and lips may be affected rarely. 44 Raynaud syndrome usually cause the affected part initially white and then turn into blue. Numbness or pain may occur and as blood flow returns normal, the affected area turns red. The episodes usually lasts for minutes but in some occasion several hours. 45 years of age. Secondary forms usually occurs in older subjects. 44 Patients with Raynaud's usually presents with pain within the extremities, discoloration (paleness) and sensation of cold and numbness. Raynaud's patients may become serious if placed into a cold climate. The blood supply to the fingers or toes and in some cases the nose or earlobes is markedly reduced when exposed to cold temperatures, as a result the affected skin becomes pale or white and cold and numb. Such attacks are episodic and after the diminishment of such episode or the area is warmed, the blood flow returns and the skin color first turns red and then back to normal. All these color changes are observed in classic Raynaud's. In pregnancy, this sign normally disappears due to hyperdynamic blood flow. 48 Diagnosis of Raynaud's phenomenon needs a multiple sets of diagnostic tests, ranging from routine laboratory investigations to imaging studies. 49-52 Secondary Raynaud's may be managed by treating the underlying etiology but to ameliorate the signs and symptoms of primary Raynaud's, the triggering factors such as cold, emotional and environmental stress, vibrations and repetitive motions, smoking and sympathomimetic drugs should be avoided. 53 Gender, skin discolora-tion of the extremities and pain favors the diagnosis of Raynaud's phenomenon but absence of aggrava-ting factors for pain and numbness, presence of family history of cyanosis are the points against Raynaud's phenomenon.
Discussion
Dr. Rahman: Considering the patient's and her daughter's phenotypic features as well as the history provided by the patient and after analyzing the differential diagnosis, the most likely diagnosis might be methemoglobinemia. In this case, methemoglobinemia does not fulfill the criteria of either acquired or hereditary (NADH cytochrome b5 reductase deficiency) form because the history could not reveal any exposure to toxic, occupational or household agents and as patient did not have any signs and symptoms of breathlessness or any other symptoms of methemoglobinemia other than cyanosis. Therefore, methemoglobinemia in this patient and her family members might be due to abnormal hemoglobin M or glucose-6-phosphate dehydrogenase deficiency. G6PD deficiency is an Xlinked recessive disorder where males are usually affected, so this condition is excluded as both sexes of this family have been affected and presented with only cyanosis. Moreover, cyanosis is not a common finding in G6PD deficiency and patient should have anemia and other features of hemolysis in G6PD deficiency. Laboratory investigations revealed no features of hemolysis, normal G6PD and LDH level as well as normal reticulocyte count. Hence, abnormal hemoglobin M might be the most likely cause of methemoglobinemia in this patient and her family members. To find out the abnormal hemoglobins, I advised to perform capillary hemoglobin electrophoresis (Figure 2 ). The relevant hematological parameters of the patient and her daughter are shown in Table I . After one week I got the results of hemoglobin electrophoresis which unveiled the presence of hemoglobin M Boston in the patient and hemoglobin M Boston and hemoglobin M Saskatoon in her daughter, almost confirming that the presence of such hemoglobin M in their blood is responsible for development of cyanosis in this family and methemoglobinemia is due to hemoglobin M and hemoglobin M Saskatoon in this patients and her daughter. Dr. Shahid (Resident, Hematology): Without molecular analysis of globin chain, it is difficult to say from which variants (alpha, beta or gamma) the patient and her family members have been affected. But after analyzing the history (where she told that she had bluish coloration of lips, hands and tongue from childhood) and physical findings, it can be assumed that this family might be affected by betachain variant.
Dr. Golam Rabbani (Hematologist):
As per the history, the patient had cardiomegaly, SO2 was 55% and arterial blood gas analysis was normal. How will you explain these with hemoglobin M disease?
Dr Giti (Hematologist): X-ray chest showed cardiomegaly but later it was excluded by echocardiography. So, cyanosis in this family was not either due to cardiac or respiratory cause. Pulse oxymetry showed SO2 was 55%. But it was observed that in presence of methemoglobinemia, pulse oxymetry and co-oximetry produce erroneous result. 72 In this case, we did rapid filter paper test which revealed 45 and 40% methemoglobin in patient's daughter and the patient respectively ( Figure 2 ) and also comparison was done between patient's blood and normal control blood taken in evacuated tubes ( Figure 2 ) which revealed chocolate brown color blood in this patient. 
Final Diagnosis
Hemoglobin M disease with cervical nerve root com -pression with hypertension with diabetes mellitus
